Characterization on Heavy Metals Transferring into flue gas during Sewage Sludge Combustion  by Hu, Yanjun et al.
 Energy Procedia  61 ( 2014 )  2867 – 2870 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.12.325 
The 6th International Conference on Applied Energy – ICAE2014
Characterization on Heavy Metals Transferring into flue gas
during Sewage Sludge Combustion
Yanjun Hu*, Jiubing Wang, Kai Deng, Jianli Ren
aZhejiang University of Technology, Chaowang Road 18#, Hangzhou,310014, China
Abstract
The transfer of Zn, Pb, Cu, Mn, and Cd in ssewage sludge (SS) into flue gas was investigated through the separate
combustion of SS. The transfer behaviour of the targeted heavy metals(HMs) element was expressed as a transfer
coefficient (TC). Special attention is directed to the influence of burning temperature, moisture content of SS, and
chlorine content on HMs transferring. Without chlorine addition, as the combustion temperature and moisture content
of SS were increased, the volatilities of the five target HMs exhibit different trends. Particularly, a higher of moisture
content was found to be helpful to reduce the Transfer of HMs into flue gas, such as Cd, Zn, and Pb with high
volatility. The added chlorine during separate combustion of wet SS could promote to different extent release of HMs
into flue gas.
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1. Introduction
Combustion technology is recently regarded as a favourable method to disposal SS in many countries.
Especially, co-combustion of SS with another fuel, such as coal, biomass, or municipal solid waste, was
suggested only recently because it is considered a reasonable and cost-effective solution [1]. However, a
combustion plant designed for a base fuel is required to carry out undesirable modifications to obey local
environmental regulations with the addition of ssewage sludge. Transfer of HMs during SS combustion
into residues and gaseous forms is increasingly concerned [2-5].
The current study investigates the transfer of Zn, Pb, Cu, Mn, and Cd into flue gas during the
combustion of SS. The impact of burning temperature, moisture content of SS, the presence of chlorine
on the transfer of the target HMs into flue gas was investigated.
2. Experimental
2.1. Samples
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Raw sewage sludge samples were collected after mechanical dewatering using a filter press and from
municipal wastewater treatment plants containing domestic wastewater and industrial wastewater,
respectively. Sludge samples were firstly dried in open air for 2 days to remove most moisture content,
and then were dried in a lab-scale air convection oven for 8 hours. The average concentrations of Cl, Pb,
Cn, Zn, Cd, and Mn are 0.2, 0.065, 0.034, 0.39, 0.051, 0.046% wt.
2.2. Experimental procedure
Experiments on separate combustion of SS were carried out under various combustion conditions to
investigate the impact of the burning temperature (500, 600, 700, 800, 900, 1000, and 1100), moisture
content of SS (0, 25%, 50%, 75% and 83%), and chlorine content (0, 5%, 10%, 15%, and 20%) on HMs
Transferring into flue gas. A laboratory scale electrically-heated pot furnace was employed. Sufficient
combustion air to ensure complete combustion was supplied by a compressor with excess air ratio of 1.2
at ambient temperature and atmospheric pressure. For each batch separate combustion experiments, the
weight of the used SS was about 2 Kg. Except for experiments of investigating the influences of moisture
content of SS on HMs emission, other SS samples were dried completely.
2.3. HMs Analysis
In this study, the transfer behavior of the targeted HMs element was expressed as a transfer coefficient
(TC). The values of TC were obtained on a basis of formula (1).
TCi=1- (Mbi+Mfi)/m0 (1)
TCi is the mass percentage of the element from SS into flue gas; the index is the element type; Mbi is
the mass of the element in the combustion bottom ash; Mfi is the mass of the element in the combustion
fly ash. A mass balance of HMs in the input SS and the resulting bottom ash, fly ash and flue gas was
calculated. Mbi and Mfi, were obtained through the product of the mass of bottom ash and fly ash and their
HMs concentration. The total fly ash was determined and sampled from the filter and the material that
condensed on the connecting tube, following the standard recovery procedure USEPA Method 5.
Combustion flue gas samples were taken from the impingers equipped with 5% of HNO3. The large
volume of liquid and its dilute particulate matter in the impingers was digested according to USEPA
Methods 3005a and 3010a. The bottom ash was digested following USEPA Method 3050, and fly ash
was digested by HNO3-HCLO according to HJ/T64.3-2001. The digestion solution of bottom ash, fly ash
and flue gas (absorbed in solution) were then separately determined using inductively coupled plasma-
atomic emission spectrometry (ICP-AES) examination.
3. Results and Discussions
3.1. Relation between combustion temperature and HMs Transfering
Fig. 1 shows that the impact of combustion temperature on the HMs (Pb, Cd, Cu, Zn and Mn)
transferring into flue gas during separate combustion of SS without chlorine addition. The used SS
samples were dried by electric drying. It can be seen that as the combustion temperature was increased
from 500 to 1100 , the volatilities of these five target HMs exhibit different trends. Cd is much more
volatile than Pb, Cu, Zn, and Mn, which present a maximum transfer proportion. The TC of Cd was
enhanced by about 2 times from 500  to 800 , which was from 25% to 50%. The combustion
temperature plays a significant role on Cd Transfer ing into flue gas. From 800 to 1100, the TCs of Cd
is slightly increased, which the increased step was below 5%. For the reason, it could be attributed to
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more production of Cd compounds with a lower boiling point when reaches a higher burning temperature.
The TCs of Zn was also obviously increased from 500 to 900, which was increased by above 2 times.
But after 900 , TCs of Zn started to be decreased. The highest TC of Zn was occurred at 900 , which
is 37%. TCs of Cu after 800  were evidently enhanced from 12% to 36.7%, which the highest point
occurred at 1000 . The TCs of Pb were relatively linearly increased from 500 to 1100 , which the
highest TC is 28% at 1100 . The transfer of Mn is similar to that of Pb, although its TCs were relatively
gently increased only from 6% to 13.1%. More of Mn was concentrated into combustion residues due to
its low volatile. The current obtained results are consistent with previous studies about the impact of
temperature on HM Transfer ing during waste combustion [6].
3.2. Relation between moisture content of SS and HMs Transferring
In order to promote a better combustion process of moisture SS, powdered wood was used to help SS
combustion by a mass ratio of 1:1. Fig.2 showed that the impact of moisture content of SS on the HMs
(Pb, Cd, Cu, Zn and Mn) Transferring into flue gas during separate combustion of SS without chlorine
addition. The transfer of Cd into flue gas still exhibit a strong trend regardless of a high or low moisture
content of SS compared with other target HMs. But the results taking into account the errors suggest that
the moisture content has no regular and predictable impact on Cd Transferring. However, TC of Zn into
flue gas was firstly decreased with the moisture content of SS increased from 0 to 75%, whereas was
slightly increased for the case of 83% of moisture content. The main reason for the decreased
volatilization of Zn may be because the chemical reaction between water and Cl reduced the amount of
the free state of Cl, and promoted the conversation of chlorinated state of Zn with a low boiling point to
oxidation state of Zn with a high boiling point. For Zn and Pb, the dry SS combustion could contribute
the strongest transfer of the two HMs into flue gas with comparison of wet SS combustion. In addition, it
can be found that the moisture content has little obvious influence on transfer of Cu, and Mn into flue gas,
which the results are basically consistent with previous studies about emission laws of HMs during
combustion of SS. In generally, a higher of moisture content was found be helpful to reduce the transfer
of HMs with a high volatility into flue gas, such as Cd, Zn, and Pb.
Fig. 1. Influence of combustion temperature on TCs Fig.2. Influence of moisture contet in SS on TCs
of HMs into flue gas of HMs into flue gas
3.3. Relation between chlorine content and HMs Transferring
In order to analyze the influence of chlorine on HM emission during SS combustion, the dried SS and
powdered PVC were combusted at 900 . Fig.3 showed the variation of TCs of HMs with Chlorine
content increased in the process of separate combustion of SS. The chlorine content is determined by
calculating the mass ratio of the added PVC with 45% of chlorine content and the dry SS. The TC of Pb
into flue gas was increased by about 2 times with the added chlorine from 0 to 20%. For Zn, its transfer
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into flue gas only gave an increasing tendency within the addition of 15% of chlorine, and its TCs showed
little variation from 15% to 20%. The addition of chlorine showed little effect on Cu and Mn Transferring
into flue gas. The added chlorine during SS combustion could promote to different extent release of HMs,
especially for the HMs with a high volatility, such as Cd, Zn, and Pd. More amount of metal chloride with
a high evaporation pressure was generated in the comparison with other metal compounds.
Fig. 3. Influence of chlorine content in SS on TCs of HMs into flue gas
4 . Conclusions
Without chlorine addition, as the combustion temperature and moisture content of SS were increased,
the volatilities of these five target HMs during separate combustion of SS exhibit different trends. The
moisture content has no regular and predictable impact on the target HMs Transferring. A higher of
moisture content was found to be helpful to reduce the transfer of HMs with a high volatility into flue gas,
such as Cd, Zn, and Pb. But the moisture content has little obvious influence on transfer of Cu, and Mn
into flue gas. The added chlorine during separate combustion of SS could promote to different extent
release of HMs into flue gas, especially for the HMs with a high volatility, such as Cd, Zn, and Pd, but
place a slight effect on Cu and Mn.
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